Introduction
============

Colon cancer is a digestive tract cancer that ranks third among all cancers in incidence and mortality. Rapidly changing life styles along with diet structure are prime reasons for the rapid increase of this pathological state ([@b1-ol-0-0-6455]). The incidence and development of tumor includes abnormal changes in multiple cancer and tumor suppressor genes. The methylation of CpG island in the area of the tumor suppressor gene promoter is one of the most important factors responsible for cancer ([@b2-ol-0-0-6455]). APC (adenomatous polyposis coli) is a tumor suppressor gene of the length of 8535 bp and is located on the 5q21 chromosome. It plays an important role in Wnt signal transduction pathway ([@b3-ol-0-0-6455]). APC gene encodes APC protein, which has the ability to regulate cell differentiation, proliferation and migration ([@b4-ol-0-0-6455]). Research has found that the methylation of CpG island in the area of APC gene promoter could lead to deletion of APC gene. This in turn, disturbs the conduction of Wnt signal pathway leading to the incidence and development of tumors ([@b5-ol-0-0-6455]). Research has confirmed the hyper-methylation of APC gene and the phenomenon of deletion of gene transcription during multiple cancers including breast, gastric, esophagus, pancreatic and lung cancer ([@b6-ol-0-0-6455]). In addition, methylation of APC gene is closely correlated with the incidence, development, invasion and migration of malignant tumors ([@b7-ol-0-0-6455],[@b8-ol-0-0-6455]).

The present study adopted the method of methylation specific PCR (MSP) to examine the state of methylation of APC gene in the tissues of colon cancer patients and SW1116 cells. 5-aza-dC exerted demethylation by inhibiting methylase ([@b9-ol-0-0-6455]). Thus, in the present study we inhibited the methylation of APC gene and then studied the effect of APC methylation on the proliferation and invasion of SW1116 cells. Clinico-pathological data of patients were statistically summarized. The correlation between the methylation of APC gene and clinicopathological features was analyzed. Finally, the correlation between the methylation of APC gene and colon cancer is discussed.

Materials and methods
=====================

### Materials

Human colon cancer cells SW1116 were procured from the Chinese Academy of Sciences Shanghai Cell Bank (Shanghai, China); 5-aza-dC, MTT was obtained from Sigma (St. Louis, MO, USA). RPMI-1640 culture medium and fetal bovine serum (FBS) were procured from HyClone Laboratories, Inc. (Logan, UT, USA); Epi-Tect Bisulfite kits agent was provided by Qiagen (Nordrhein-Westfalen, Germany); DNA extraction kits were from Tiangen Biotech (Beijing) Co., Ltd., (Beijing, China); Taq DNA polymerase, dNTP mixture, DNA marker and primer synthesis were obtained from Takara Bio (Dalian) Co., Ltd. (Dalian, China) and Transwell cabinet was obtained from Corning, Inc. (New York, NY, USA).

Colon tissue samples of 60 colon cancer patients, who were given surgical treatment in our hospital from January 2012 to December 2014 were collected. Colon cancer tissues were taken from resected tumor samples. Normal tumor-adjacent tissues were also excised from the part 10 cm away from tumor margin (no infiltration of cancer cells were found under microscope). Tissue samples were immediately preserved in liquid nitrogen after collection. There were 32 male cases, 28 female cases and the average patient age was 54.7±14.3 years. All patients were confirmed with colon cancer by clinical and pathological diagnosis. The patients were operated for the first time and had no history of radiotherapy or chemotherapy. All participants or their families signed a written informed consent form. Furthernore, the Ethics Committee of Xuzhou Cental Hospital approved the present study.

### Detection of the methylation of APC gene in patient tissue samples by MSP

DNA extraction kits were used to extract the total DNA in tissue samples. The ultraviolet spectrophotometer (U-3010; Hitachi, Ltd., Tokyo, Japan) was used to detect the DNA content and purity (A260/A280 \>1.8 was considered qualified). The total DNA extracted was modified by bisulfite according to the instructions on the Epi-Tect Bisulfite kits. The modified DNA was respectively given MSP and non-MSP ([Table I](#tI-ol-0-0-6455){ref-type="table"}). The 2% agarose gel was used for electrophoresis and ethidium bromide was used for staining. Gel imaging system (UVP, LLC, Upland, CA, USA) was utilized for R result analyses.

### Cell culture and group processing

SW1116 cells were cultured in RPMI-1640 culture medium (including 10% FBS) in the incubator at 37°C with 5% CO~2~. The medium was changed every 24 h. Digestion passage was conducted after cell fusion. The experiment was divided into the normal control group and the 5-aza-dC group. The control group was cultured in a standard manner. The 5-aza-dC group was given 5-aza-dC of 5 µmol/l terminal concentration to process SW1116 cells.

### Detection of the methylation of APC gene in cells

SW1116 cells at the logarithmic growth phase were collected. Each well was added with 2 ml (2×10^5^ cells/ml) SW1116 cell suspension. Cells were cultured in 6 well plates for 24 h, then processed as described above. Cells were collected after digestion by pancreatin for 24 h. DNA extraction kits were applied to extract total DNA. The state of methylation of APC gene in cells of each group was determined by MSP.

### Detection of proliferation ability of SW1116 cells by MTT

SW1116 cells at the logarithmic growth phase were collected. The wells were added with 200 ml (1×10^4^ cells/ml) SW1116 cell suspension. Cells were cultured in 96-well plates for 24 h, and processed as described above. Each group was set with 6 parallel wells and culture was continued for 24 h then, the culture medium was discarded. The plates were then washed 3 times, followed by addition of 100 µl MTT (5 mg/ml) in each well and the culture was continued for 4 h. The wells were then added with 100 µl DMSO and the plate shaken for 10 min in the dark. The absorbance value (OD value) was recorded at 570 nm. The cell proliferation rate was calculated according to the following formula: proliferation rate = OD value of the experiment group/OD value of the normal group × 100%.

### Detection of invasion ability of SW1116 cells by Transwell

The upper chamber of Transwell was evenly added with 100 µl single cell suspension at 4×10^5^/ml and 100 µl culture medium. The lower chamber was added with 500 µl culture medium with 30% FBS, 24 h later, 4% paraformaldehyde was added for fixation and crystal violet for staining. After 15 min, images were taken for analysis.

### The correlation between the methylation of APC gene and the pathological parameters of colon cancer patients

Patients were divided into groups according to sex, age, tumor size, differentiation degree, lymph node metastasis and Dukes staging index. The correlation between parameters and the methylation of APC gene was analyzed.

### Statistical analysis

The data were processed by SPSS17.0 (IBM Corp., Armonk, NY, USA). Measurement data was expressed by mean ± standard deviation and analyzed by single factor ANOVA. Comparison of numeration data among different groups was by χ^2^ analysis. P≤0.05 values confirmed statistical significance.

Results
=======

### APC gene methylation in the tissues of colon cancer patients

APC genes in the tumor-adjacent normal tissues of 60 colon cancer patients were free from methylation. The detection rate of APC gene methylation in colon cancer tissues was 68.33% (41/60), including 36 cases of complete methylation, 5 cases of partial methylation ([Fig. 1](#f1-ol-0-0-6455){ref-type="fig"}). The state of APC gene methylation in the colon cancer was significantly different from that in the tumor-adjacent normal tissues (P\<0.01).

### Effect of 5-aza-dC on APC gene methylation in SW1116 cells

APC genes in the cells of the normal group showed complete methylation. Whereas, the APC genes in the cells of the 5-aza-dC group revealed no methylation. thus, intervention with 5-aza-dC for 24 h, inhibited the APC gene methylation in SW1116 cells ([Fig. 2](#f2-ol-0-0-6455){ref-type="fig"}).

### Effect of 5-aza-dC induces inhibition of APC gene methylation on the cell proliferation in SW1116 cells

The results clearly showed that the 5-aza-dC-induced inhibition of APC gene methylation significantly lowered the proliferation rate in SW1116 cells in comparison to the cells of normal group (P\<0.01) ([Fig. 3](#f3-ol-0-0-6455){ref-type="fig"}). This observation confirmed that the inhibition of APC gene methylation in the SW1116 cells reduced the proliferation of SW1116 cells.

### Effect of 5-aza-dC inhibition of APC gene methylation on cell invasion in the SW1116 cells

The number of invaded cells in the 5-aza-dC group was significantly lower than that in the normal group (P\<0.01). This confirmed that the inhibition of APC gene methylation in the SW1116 cells has the ability to inhibit the invasion ability of SW1116 cells ([Fig. 4](#f4-ol-0-0-6455){ref-type="fig"}).

### The correlation between APC gene methylation and clinicopathological parameters

Results of the correlation between clinicopathological parameters of colon cancer and APC gene methylation are shown in [Table II](#tII-ol-0-0-6455){ref-type="table"}. The correlation test indicated that APC gene methylation was correlated with tumor size, differentiation degree, lymph node metastasis and Dukes staging (P\<0.05, P\<0.01, P\<0.05 and P\<0.05), respectively. However, no correlation was observed with age or sex (P\>0.05).

Discussion
==========

The incidence of colorectal cancer is a complex process that involves multiple factors. As the early clinical symptoms of colon cancer patients are not obvious, most patients are diagnosed at the advanced stage of colon cancer ([@b10-ol-0-0-6455]). The epigenetic changes also play a very important role in the incidence and development of colon cancer ([@b11-ol-0-0-6455]). DNA methylation is a common epigenetic modification that could cause transcriptional silencing of tumor suppressor genes ([@b12-ol-0-0-6455]). Research has found that the methylation of tumor suppressor genes is closely correlated with the differentiation and proliferation of tumor cells ([@b13-ol-0-0-6455],[@b14-ol-0-0-6455]). DNA methylation is an important event occurring at the early stage of tumors. Therefore, detection of the methylation of tumor-related genes could provide reference for the diagnosis, therapy and prognosis of colorectal cancer ([@b15-ol-0-0-6455]). APC is a tumor suppressor gene which is important in the Wnt signal pathway. This protein plays an important role in cell proliferation, apoptosis and invasion ([@b16-ol-0-0-6455]). Hyper-methylation of APC gene has been found in malignant tumors such as gastric, liver and pancreatic cancer ([@b17-ol-0-0-6455],[@b18-ol-0-0-6455]).

In the present study, the methylation rate of APC gene in colon cancer tissues was 68.33%. No methylation of APC gene was observed in tumor-adjacent tissues. To confirm the effect of APC gene methylation on colon cancer cells, it was perceived that the inhibition of APC gene methylation resulted in the reduction of proliferation and invasion of SW1116 cells. To further confirm the clinical significance of APC gene methylation, the present study analyzed the correlation between APC gene methylation and clinicopathological parameters. Results confirmed that APC gene methylation was correlated with tumor size, differentiation degree, lymph node metastasis and Dukes staging.

Arnold *et al* ([@b19-ol-0-0-6455]) found that APC gene showed high methylation rate in the tumor tissues of colon cancer patients. Deng *et al* ([@b20-ol-0-0-6455]) revealed that the abnormal APC gene methylation was correlated well with the deactivation of APC protein functions. In the present study, APC gene was found with high methylation in the tumor tissues of colon cancer patients. The APC gene methylation is not only correlated with the proliferation and invasion of colon cancer cells, but also with tumor size, differentiation degree, lymph node metastasis and Dukes staging of patients with colon cancer.

The present study concludes that the methylation of APC gene is closely correlated with colon cancer, especially with tumor size, differentiation degree, lymph node metastasis, and Dukes staging of patients. Therefore, the application of demethylation drugs to inhibit the methylation of APC gene is likely to be useful in treatment of colon cancer.

![The condition of the APC gene methylation in the tissues of colon cancer patients and tumor-adjacent normal tissues detected by MSP. Ma, Takara DL2000 DNA marker; case 1-case 2, colon cancer patients; N, tumor-adjacent normal tissues; C, colon cancer tissues; U, results of non-MSP amplification; M, results of MSP amplification; APC, adenomatous polyposis coli; MSP, methylation specific PCR; Non-MSP, non-methylation specific PCR.](ol-14-02-2315-g00){#f1-ol-0-0-6455}

![The condition of the APC gene methylation in the SW1116 cells of colon cancer patients detected by MSP. Ma, Takara DL2000 DNA marker; Control, cells in the normal control group; 5-aza-dC, cells were processed by 5-aza-dC with the terminal concentration as 5 µmol/l; U, results of non-methylation specific PCR amplification; M, results of methylation specific PCR amplification; APC, adenomatous polyposis coli; MSP, methylation specific PCR; non-MSP, non-methylation specific PCR. 5-aza-dC, 5-aza-2c-deoxycytidine.](ol-14-02-2315-g01){#f2-ol-0-0-6455}

![Effect of 5-aza-dC inhibition of APC gene methylation in the SW1116 cells on the cell proliferation. Compared with the normal control group, \*\*P\<0.01. APC, adenomatous polyposis coli; MSP, methylation specific PCR; Non-MSP, non-methylation specific PCR. 5-aza-dC, 5-aza-2c-deoxycytidine.](ol-14-02-2315-g02){#f3-ol-0-0-6455}

![Effect of 5-aza-dC inhibition of APC gene methylation in the SW1116 cells on the cell invasion. Compared with the normal control group, \*\*P\<0.01. APC, adenomatous polyposis coli. 5-aza-dC, 5-aza-2c-deoxycytidine.](ol-14-02-2315-g03){#f4-ol-0-0-6455}

###### 

Primer sequences of APC gene methylation and non-methylation.

  Primer   Sequence                         Product size (bp)
  -------- -------------------------------- -------------------
  APC-MF   5′-TATTGCGGAGTGCGGGTC-3′         98
  APC-MR   5′-TCGACGAACTCCCGACGA-3′         
  APC-UF   5′-GTGTTTTATTGTGGAGTGTGGGTT-3′   108
  APC-UR   5′-CCAATCAACAAACTCCCAACAA-3′     

APC, adenomatous polyposis coli.

###### 

The correlation between APC gene methylation and clinicopathological parameters.

                                APC gene methylation                 
  ------------------------ ---- ---------------------- ------------- --------
  Sex                                                                \>0.05
    Male                   32   21 (65.63)             11 (34.37)    
    Female                 28   20 (71.43)               8 (28.57)   
  Age                                                                \>0.05
    ≥54 years              36   28 (77.78)               8 (22.22)   
    \<54 years             24   13 (54.17)             11 (45.83)    
  Tumor size                                                         \<0.05
    ≥5 cm                  33   27 (81.82)               6 (18.18)   
    \<5 cm                 27   14 (51.85)             13 (48.15)    
  Differentiation degree                                             \<0.01
    High                   37   30 (81.08)               7 (18.92)   
    Low                    23   11 (47.83)             12 (52.17)    
  Lymph node metastasis                                              \<0.05
    Yes                    31   25 (80.65)               6 (19.35)   
    No                     29   16 (55.17)             13 (44.83)    
  Dukes staging                                                      \<0.01
    A+B                    27   13 (48.15)             14 (51.85)    
    C+D                    33   28 (84.85)               5 (15.15)   

APC, adenomatous polyposis coli.
